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osting by EAbstract Snake envenoming is a major problem in Al-Jouf Province of Saudi Arabia where most
of these envenoming are caused by Echis coloratus which is the highest risk to human and animals in
this Province. Little, if any, has been carried out on the histological alterations and biochemical
changes in the liver of sheep following snake envenomation. Healthy adult male Ovis orientalis
sheep were subjected to E. coloratus envenomation in an attempt to evaluate the histological alter-
ations and biochemical changes in the liver. E. coloratus venom elevated glucose, aspartate amino-
transferase (AST), alanine aminotransferase (ALT), triglyceride and total bilirubin while cholesterol
was reduced. The histological alterations were mainly pyknosis, karyorrhexis, cytoplasmic vacuola-
tion, necrosis, fatty changes and hepatocytes atrophy. Sinusoidal dilatation, Kupffer cell activation,
amyloidosis, portal vein thrombosis, partial glycogen depletion and hepatic architecture distortion
were also detected. The ﬁndings revealed that E. coloratus venom produced biochemical changes
and histological alterations in the liver of the envenomated sheep that might affect the functions
of this organ severely.
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lsevier1. Introduction
Fifty-one species of snakes have been recorded in Saudi Ara-
bia, nine of these are venomous with seven of which have been
recorded in Al-Jouf Province (Al-Sadoon, 1989, 2004; Gasper-
etti, 1988). Echis coloratus is one of the most dangerous snakes
in Saudi Arabia and in the Arabian peninsula and incrimi-
nated in most snake bites to human reported from Al-Jouf
Province (Al-Homrany, 1996; Al-Sadoon, 1989; Gasperetti,
1988; Malik, 1995). Also, it is found in Egypt, Palestine, Jor-
dan and southeastern Africa (Gasperetti, 1988; McDiarmid
et al., 1999). This snake is seen in rocky deserts but not in san-
dy ones (Spawls and Branch, 1995).
Several studies were carried out about snake bites to human
in Saudi Arabia (Al-Sadoon, 2004; Al-Sadoon and Jarrar,
170 B.M. Jarrar1994), while little, if any, has been carried out on snake enven-
omation in sheep. Snake envenoming to the livestock is a real
problem in Al-Jouf Province especially among sheep due to
high incidence, severity and sequel with lacking of antivenin
in the local veterinarian pharmacies. Most snake bites to the
livestock in Al-Jouf Province are caused by E. coloratus with
the highest incidence among sheep. The liver is a key organ ac-
tively involved in numerous metabolic and detoxifying func-
tions. The objective of this study is to determine the
histological alterations and the biochemical changes in the li-
ver of sheep followingE. coloratus envenomation in an attempt
to improve our understanding of snake envenomation in
sheep.
2. Materials and methods
Three male healthy Ovis orientalis sheep (12 months old, 25–
28 kg) from sheepcote of sheepherder in Al-Jouf Province of
Saudi Arabia were used and subjected to three male snakes
of E. coloratus envenomation. The sheep were envenomated
by direct biting on their muzzles where the snake was held be-
hind its head with ﬁrm grip bringing its fangs to the ﬂesh of the
sheep with pressure applied to the venom gland forcing theFigure 1 Light photograph of envenomated sheep by Echis
coloratus showing sialorrhea and bleeding together with edema at
the site of bite.
Table 1 Biochemical analysis results (average ± sd) of sheep serum
Biochemical test Before envenomatio
Glucose* (mg/dl) 64.72 ± 3.05
AST* (U/l) 117.23 ± 5.01
ALT* (U/l) 33.42 ± 3.21
Total bilirubin* (mg/dl) 17.51 ± 1.8
Albumin (g/dl) 3.25 ± 0.23
Triglyceride* (mg/dl) 24.62 ± 2.97
Cholesterol* (mg/dl) 77.52 ± 2.12
Uric acid (mg/dl) 0.31 ± 0.02
Urea (mg/dl) 31.94 ± 0.73
Creatinine (mg/dl) 1.03 ± 0.1
CK (U/l) 1053.96 + 28
LDH (U/l) 801.07 ± 4
Calcium (mg/dl) 8.47 ± 0.17
* Donates statistical signiﬁcance by using independent t-test, P value <0snake to bite the sheep. Blood, urine and liver biopsies were
subjected for examination. The sheep were observed immedi-
ately after envenomation and kept under clinical observation
before being euthanized following 6 h of envenomation.
2.1. Urine analysis
Urine was collected from each sheep while urinating in a clean
container before envenomation and 5–6 h after envenomation
by cytocentensis where a needle was used to take urine sample
from the bladder. Urine samples were analyzed semiquantita-
tively by reagent strip test for pH, hemoglobinuria, hematuria,
occult blood and proteinuria.
2.2. Biochemical analysis
Blood collection was carried out before and three hours after
envenomation from the jugular vein puncture. Serum was sep-
arated by centrifugation and the following biochemical param-
eters were analyzed: glucose, urea, creatinine, uric acid,
calcium, albumin, cholesterol, alanine aminotransferase
(ALT), aspartate aminotransferase (AST), total bilirubin, tri-
glyceride, creatinine kinase (KC) and lactate dehydrogenase
(LDH). Statistical analysis was done by using independent t-
test and the results were expressed by the average ± sd.
2.3. Histological examination
Fresh portions of the liver from each envenomated sheep were
cut out rapidly, ﬁxed in neutral buffered formalin and Gen-
dre’s ﬂuid and then dehydrated, with ascending grades of eth-
anol (70%, 80%, 90%, 95% and 100%). Dehydration was
then followed by clearing the samples in two changes of chlo-
roform, impregnation with two changes of molten parafﬁn
wax, then were embedded and blocked out. Sections (4–
5 lm) were stained according to Pearse (1985), Drury and
Wallington (1983), Kiernan (1989) and Bancroft and Gamble
(2002) with hematoxylin–eosin (HE), Mallory trichrome, Peri-
odic acid–Schiff (PAS) and Congo red stains.
The experimental protocol was approved by the local Ani-
mal Care Committee. The experimental procedures were car-
ried out in accordance with international guidelines for care
and use of laboratory animals.before and after envenomation by Echis coloratus.
n (n= 3) After envenomation (n= 3)
129.47 ± 5.50
353.65 ± 7.89
55.17 ± 2.56
30.6 ± 1.7
3.11 ± 0.32
31.93 ± 2.12
60.65 ± 3.41
0.28 ± 0.04
32.45 ± 1.01
0.97 ± 0.07
1089.53 ± 16
792.89 ± 3.4
8.45 ± 0.25
.05.
Figure 3 Light micrograph section in the liver of envenomated
sheep by Echis coloratus showing hepatocytes with karyorrhexis
and cytoplasmic vacuolation (arrows). HE stain.
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All envenomated sheep presented the following manifestations:
discomfort, tongue protruding, edema at the site of bite, froth-
ing, sialorrhea, difﬁculty in swallowing, sedation, pupil dila-
tion, snoring, respiratory distress, and difﬁculty in walking
and immobility, while vomit or diarrhea was not observed
(Fig. 1). One envenomated sheep became paralyzed and died
5 h after being bitten by E. coloratus. The postmortem exami-
nation of the dead sheep revealed generalized congestion of the
internal organs with apparent hemorrhagic spots on the liver,
lung, kidneys and gastrointestinal tract.
Urine specimens of the envenomated sheep were brown and
turbid and presented hematuria, hemoglobinuria, occult
blood, proteinuria, high pH and amorphous urate crystals.
3.1. Biochemical alterations
Compared with the control serum, envenomation elevated glu-
cose, AST, ALT, total bilirubin and triglycerides while choles-
terol was reduced. Creatinine, uric acid, calcium, CK and
LDH were within normal values (Table 1).
3.2. Histological alterations
The following histological alterations were observed in the he-
patic tissue of all envenomated sheep in comparison with those
from healthy non-envenomated ones:
3.2.1. Necrosis
Sporadic spotty well-deﬁned necrotic changes associated with
loss of the normal cytoplasmic eosinophilia were observed.
Necrotized hepatocytes were more evident in the lobular peri-
portal zones than in the pericentral ones.
3.2.2. Nuclear and cytoplasmic alterations
Karyopyknosis of some hepatocytes was evident especially in
the necrotic ones (Fig. 2). Hepatocytes with karyorrhexis and
karyolysis (Fig. 3) were occasionally observed. This alteration
was mainly seen in the insulted hepatocytes. Also, variable de-
gree of hepatocytes cytoplasmic vacuolation was detected where
fat vacuoles pushed the nuclei to the periphery (Fig. 3). The
severity of vacuolation was associated with necrosis.Figure 2 Light micrograph section in the liver of envenomated
sheep by Echis coloratus showing hepatocytes demonstrating
karyopyknosis (arrows). HE stain.3.2.3. Fatty change
This alteration was observed mainly in the hepatocytes adja-
cent to the central vein. The severely insulted hepatocytes ap-
peared swollen and contained small lipid droplets throughout
the hepatocytic cytoplasm with nuclei at their periphery show-
ing signet cell appearance (Fig. 4).
3.2.4. Blood vessel congestion and hepatic portal vein thrombosis
Occasional central vein and blood sinusoids congestion (Fig. 5)
together with occasional thrombosis (Fig. 6) of the hepatic
portal veins with endothelial lining injury was observed.
3.2.5. Amyloidosis and hepatocytes atrophy
In HE and Congo red stained sections, deposition of an amor-
phous extracellular material was seen along some sinusoids of
all envenomated sheep. Hepatocytes of the periportal zones
were more affected than the perivenous ones (Fig. 7). Also,
marked atrophy of hepatocytes was seen as a result of amyloid
accumulation which compressed the adjacent hepatocytes and
caused the atrophy (Fig. 8). Partial obliteration of the liver
architecture with lobular disarray was also seen (Fig. 9).Figure 4 Light micrograph section in the liver of envenomated
sheep by Echis coloratus showing hepatocytes with well-deﬁned
necrotic changes and fatty change (arrows). HE stain.
Figure 5 Light micrograph section in the liver of envenomated
sheep by Echis coloratus showing sinusoidal congestion (arrows).
HE stain.
Figure 6 Light micrograph section in the liver of envenomated
sheep by Echis coloratus showing hepatic portal vein thrombosis
(star). Mallory trichrome stain.
Figure 7 Light micrograph section in the liver of envenomated
sheep by Echis coloratus showing pericentral hepatocytes demon-
strating necrosis with amyloid precipitation (triangle). HE stain.
Figure 8 Light micrograph section in the liver of envenomated
sheep by Echis coloratus showing focal marked atrophy of
hepatocytes (arrow). HE stain.
172 B.M. Jarrar3.2.6. Kupffer cells activation
Envenomation activated the phagocytic activity of the sinusoi-
dal cells by increasing the number of Kupffer cells that became
prominent and increased in number due to envenomation.
3.2.7. Glycogen depletion
Periodic acid–Schiff (PAS) stained sections showed evident
partial glycogen depletion in the hepatocytes of envenomated
sheep in comparison with the control liver (Fig. 10).
No signiﬁcant differences in the histological or histochemi-
cal alterations were observed between the dead and euthanized
sheep.
4. Discussion
Snake bite in the domestic animals is frequent in several coun-
tries including Saudi Arabia where sheep are known to be extre-
mely sensitive to snake venom (Mendez and Riet-Correa, 1995).
Sheepherders in Al-Jouf Province have tremendous concern of
frequent biting to their sheep which is responsible for a signiﬁ-
cant number of losses while local veterinarian pharmacies do
not have antivenin with only supportive care offered such as
antibiotic administration.Severity of envenomation depends on several factors such as
snake species, bitten animals, animal size, treatment and envi-
ronmental factors such as overgrazing and severe drought.
Latiﬁ (1995) reported that the venom of E. coloratus females
was more than twice as toxic as the venom from males. Most
envenomation of domestic animals in Al-Jouf Province of Saudi
Arabia are caused by E. coloratus. Snake bite in the sheep of
southern Brazil is caused by Bothrops neuwied and the rattle
snake Crotalus durissus terriﬁcus; while both the brown snake
(Pseudonaja textilis) and the tiger snake (Notechis scutatus)
are incriminated in sheep envenomation in Australia (Concei-
cao et al., 2007; Mendez and Riet-Correa, 1995; Mirtschin
et al., 1998).
Some of the presented manifestations of the envenomated
sheep such as difﬁculty in deglutition, sialorrhea and breathing
alterations might indicate thatE. coloratus venom affects the ner-
vous system. On the other hand, the observed hematuria, hemo-
globinuria and proteinuria in the envenomated sheep urine
might indicate hemolytic action and nephropathy induced by
the E. coloratus venom. Similar observations were recorded by
other reports in C. durissus envenomation in dogs (Nogueira
et al., 2007a,b). E. coloratus venom contains hemorrhagin, a pro-
tein that possesses hemorrhagic activities and phospholipases A
Figure 9 Light micrograph section in the liver of envenomated
sheep by Echis coloratus showing partial obliteration of the liver
architecture with lobular disarray. HE stain.
Figure 10 Light micrograph section in the liver of envenomated
sheep by Echis coloratus showing partial glycogen hepatic deple-
tion. PAS stain.
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envenomated sheep is in line with the fact thatE. coloratus venom
contains coagulopathy and deﬁbrination factors. Envenomation
by E. coloratus was reported to disturb hemostasis in human
and one–third of the victims bled or developed anemia (Benbassat
and Shalev, 1993). Hemolysis occurs due to the action of phos-
pholipids enzyme A2, which is present in all snake venom and di-
rectly affects the cell membrane or produces plasma lysolecithin
(Norris et al., 2005). Prothrombin is converted into thrombin by
the action of few snake species venom;E. coloratus is one of them
(Chang, 1979). The hemorrhage spots seen in different organs of
the dead sheep could be due to an effect on the vascular permeabil-
ity of the endothelial lining and their basal membrane that allows
the blood to escape towards the neighboring tissue forming hem-
orrhagic area in several organs. Also one may conclude that the
enhanced blood vessels congestion and the hepatic portal vein
thrombosis by E. coloratus envenomation could have occurred
as a result of the endothelial lining damage.
The results of the biochemical analysis of the present work
indicate that the liver was severely affected by E. coloratus enven-
omation. One of these ﬁndings was an elevation of serum levels
of glucose as a glycolytic response and hepatocytes glycogen
depletion. Similar ﬁndings were reported in rats envenomatedby E. coloratus (Al-Jammaz, 2003; Al-Jammaz et al., 1999).
The elevation of AST and ALT in the envenomated sheep might
indicate hepatocytes damage and cell destruction brought about
by the venom of E. coloratus. The rise in triglyceride level and
cholesterol level reduction could be due to an insult of the hepa-
tocytes making them unable to synthesize cholesterol and to
phosphorylate the huge amount of fatty acids released due to
the destruction of cell membrane of other tissues.
Considerable nuclear alterations mainly pyknosis and kar-
yorrhexis induced by E. coloratus venom were observed in
the nuclei of hepatocytes. This might be due to increased cellu-
lar activity and nuclear interruption associated with the mech-
anism of the venom detoxiﬁcation. The presented hepatocyte
necrosis could have occurred in response to the damage caused
by the action of phospholipases that hydrolyze phospholipids
in the cell membrane. Also, E. coloratus venom activated the
phagocytic activity of the sinusoidal cells by increasing the
number of Kupffer cells. Similar ﬁndings were reported by
the venom of the Egyptian cobra, Naja haje (Rahmy et al.,
2005). This activation of these cells might represent a defense
mechanism of detoxiﬁcation induced by the venom correlated
with the amount of injurious to the hepatic tissue which in-
creased autophagy throughout the hepatic tissue.
The hepatic fatty change seen in the present work is similar
to that following bite by Russell’s viper (De Silva et al., 1992).
Lipids are accumulated in the hepatocytes when lipoprotein
transport is disrupted. The appearance of lipid vacuoles within
the hepatocytes of the envenomated sheep might indicate ve-
nom interference with mitochondrial and microsomal function
that leads to disruption of lipoprotein and lipids accumulation.
Amyloidosis which is produced as a result of insoluble ﬁ-
brous protein precipitation was seen in the liver of the enveno-
mated sheep. This histological alteration might be due to the
action of proteinases of E. coloratus venom. Amyloid deposit
was observed in the hepatocytes of horse used for production
of polyvalent anti-snake antiserum and in those with hyperim-
mune serum (Jubb et al., 2005; Hablolvarid et al., 2005). Hepa-
tocytes of the periportal zones were more affected by
amyloidosis than the perivenous ones. Hepatocytes in the area
surrounding the terminal afferent are mainly gluconeogenic,
while those surrounding the terminal efferent venule are mainly
glycolytic and lipolytic and are involved in biotransformation as
general detoxiﬁcation mechanism (Anderson et al., 1984).
The present study has indicated that E. coloratus envenom-
ation caused acute toxic insult to the envenomated sheep as a
result of metabolic disturbance. More work is needed to illus-
trate the histochemical and ultrastructural alterations induced
by E. coloratus venom in the liver and other vital organs.Acknowledgments
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